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ABSTRACT
By inverting the distributions of galaxies’ apparent ellipticities and misalignment angles (measured around the
projected half-light radius Re) between their photometric and kinematic axes, we study the intrinsic shape distribution
of 189 slow rotator early-type galaxies with stellar masses 2× 1011M < M∗ < 2× 1012M, extracted from a sample
of about 2200 galaxies with integral-field stellar kinematics from the DR14 of the SDSS-IV MaNGA IFU survey.
Thanks to the large sample of slow rotators, Graham+18 showed that there is clear structure in the misalignment
angle distribution, with two peaks at both 0◦ and 90◦ misalignment (characteristic of oblate and prolate rotation
respectively). Here we invert the observed distribution from Graham+18. The large sample allows us to go beyond
the known fact that slow rotators are weakly triaxial and to place useful constraints on their intrinsic triaxiality
distribution (around 1Re) for the first time. The shape inversion is generally non-unique. However, we find that, for a
wide set of model assumptions, the observed distribution clearly requires a dominant triaxial-oblate population. For
some of our models, the data suggest a hint for a minor triaxial-prolate population, but a dominant prolate population
is ruled out.
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1. INTRODUCTION
The intrinsic shape distribution of early-type galax-
ies has been studied for decades by statistically invert-
ing the distribution of their ellipticities (e.g. Sandage
et al. 1970; Binney & de Vaucouleurs 1981; Fasano & Vio
1991; Lambas et al. 1992; Ryden 1992; Kimm & Yi 2007)
or the distribution of their ellipticities and misalignment
angles between photometric and kinematic axes (e.g.
Weijmans et al. 2014; Foster et al. 2017). Although the
recovered intrinsic shape distributions from such meth-
ods are in general non-unique (Franx et al. 1991), the
fact that all the fast rotators have kinematic axes aligned
with their photometric axes (Cappellari et al. 2007; Em-
sellem et al. 2007; Krajnovic´ et al. 2011; Fogarty et al.
2015) can only be explained if, as a class, they are nearly
axisymmetric (with or without bars). For slow rota-
tors, however, the two axes can be misaligned. Previous
studies show that slow rotators are weakly triaxial (Wei-
jmans et al. 2014; Foster et al. 2017), but it is difficult
to see any significant features of the misalignment angle
distribution due to their limited sample sizes. A more
detailed review on this topic can be found in section 3.3
of Cappellari (2016).
In recent cosmological hydrodynamic simulations (e.g.
fig. 7 of Schaller et al. 2015, fig.10 of Li et al. 2016,Vellis-
cig et al. 2015 and Li et al. 2018a), many massive galax-
ies are found to be prolate-like, manifesting as mostly
slow rotators with different kinematic misalignment an-
gles and formed by major mergers with radial orbits (Li
et al. 2018a). This theory is broadly consistent with
the observation that genuine kinematic misalignment
between photometry and kinematics, including some
nearly 90-degree misalignments (Krajnovic´ et al. 2011),
only happens in slow rotators, which are found above a
characteristic stellar mass (Mcrit ≈ 2×1011M; e.g. fig.
11 of Emsellem et al. 2011; Cappellari et al. 2013a; Cap-
pellari 2016). It would be useful to study the intrinsic
shape distribution of slow rotators observationally and
put constraints on galaxy formation models.
Some recent works have interpreted the existence of
a handful of massive galaxies with 90-degrees misalign-
ment as circumstantial evidence for the existence of pro-
late galaxies, e.g. in the CALIFA survey Tsatsi et al.
(2017) and the MUSE Most Massive Galaxies (M3G)
survey (Krajnovic et al. 2018). Especially in the M3G
survey, half of the massive (M > 1012M) galaxies
have 90-degrees misalignments. However a 90-degree
misalignment is also naturally expected as a significant
fraction for triaxial galaxies (see e.g. this paper). This
implies that, unless all slow rotators were 90-degree mis-
aligned, which is not the case (see fig.6 of Cappellari
2016), one cannot interpret 90-degree misalignments as
evidence for prolate galaxies. Conclusions on galaxy
shapes cannot be reached without a statistical study but
the number statistics are so far too limited for this kind
of analysis.
MaNGA (Bundy et al. 2015) is currently the largest
IFU survey observed by the 2.5 m Sloan Telescope
(Gunn et al. 2006), and as reported by Graham et al.
(2018), provides a sufficiently large number of slow ro-
tators to detect actual structure in the distribution of
kinematic misalignments. In this Letter we analyze the
distributions of ellipticity and misalignment angle mea-
sured around the effective radius to provide the first
statistical study of the shape distribution of slow ro-
tators, and goes beyond the well-established fact that
they are “weakly triaxial” (e.g. review by Cappellari
2016).
The structure of this Letter is as follows. In Section 2,
we introduce the galaxy sample and the methods we
use. In Section 3, we show the results. In Section 4, we
summarize our results and draw conclusions.
2. SAMPLE AND METHODS
2.1. Sample selection and data
We use the galaxy sample from Graham et al. (2018),
based on SDSS-IV DR14 MaNGA (Abolfathi et al.
2017), which has ∼ 2700 galaxies. The measured el-
lipticity ε, misalignment angle Ψmis (around the effec-
tive radius), beam-corrected angular momentum param-
eter λRe and kinematic classification are from table 2 of
Graham et al. (2018). We select massive slow rotators
using two alternative techniques. The first is quanti-
tative: we select galaxies with λRe < 0.08 + ε/4 and
ε < 0.4 (Cappellari 2016), as indicated by the black
solid lines in fig. 11 of Graham et al. (2018). The sec-
ond one is qualitative: we select galaxies with visually-
classified ETGs as non-regular rotators. These galax-
ies do not exhibit a spider diagram velocity map and
this is thought to be an indicator of a slow rotator (see
Graham et al. 2018 and fig. 4 of Cappellari 2016 for
more details). In both samples, we remove galaxies with
M ≡ 2 ×M1/2 < 2 × 1011M, where M1/2 is the dy-
namical mass within the 3-dimensional half-light radius
(r1/2) from table 1 of Li et al. (2018b). When the dark
matter is small within the effective radius, M defined
above is a good proxy of the stellar mass (Cappellari
et al. 2013b). This cut on mass is needed because most
slow or non-regular rotators with M < 2× 1011M are
not genuine slow rotators (Graham et al. 2018). Finally,
we have 189 galaxies in the slow rotator sample and 74
galaxies in the non-regular sample. We note here that
72 of the 74 non-regular rotators are also in the 189 slow
rotator sample.
In Fig. 1, we show the 1D histograms and the 2D
distribution of the observed ellipticity ε and kinematic
misalignment ψmis for slow rotators and non-regular
rotators from Graham et al. (2018). We shift and
symmetrize the misalignment angle distribution. We
note that we did not modify the data values in the
symmetrization but just plot the data twice between
[−90◦, 0◦] and [0◦, 90◦] for clearer visualisation. In the
model fitting, we still use the original distribution as
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Figure 1. The observed distribution of ellipticity ε and kinematic misalignment ∆PA for slow rotators (left) and non-regular
rotators (right). For clearer visualisation, we shift the kinematic misalignment angle ψmis by 90
◦ and symmetrize their values
about 0◦, i.e. |∆PA| = 90◦ − |ψmis|. By doing this, the peak around the prolate rotation can be clearly seen at the centre of
the distribution, i.e. ∆PA = 0◦. In each panel, every blue dot represents an observed galaxy, the red histograms show their 1D
distribution, and the blue error bars show the error estimated using the bootstrapping method.
input. For normal axisymmetric rotation, ∆PA =
±90◦. The uncertainties estimated by the bootstrap-
ping method are shown by the blue error bars. As one
can see, the peak around ∆PA = 0◦ has a confidence
level more than two-sigma.
2.2. Projection of luminosity density and velocity field
The projection of the luminosity density of a trax-
ial galaxy has been discussed in Stark (1977), Binney
(1985) and Franx (1988). Here we just make a brief
summary. Following Binney (1985), we assume the lu-
minosity density of a triaxial galaxy could be described
by similar coaxial ellipsoids, i.e. ρ = ρ(m2), where
m2 = x2/a2 + y2/b2 + z2/c2, and x−, y− and z−axes
are aligned with the principal axes with a > b > c. The
axis ratios are defined as
ζ = b/a, ξ = c/a, η = c/b. (1)
When a galaxy is viewed along the direction (θ, φ) in po-
lar coordinates, the projected ellipticity ε and the minor
axes position angle Γminor with respect to the projected
z−axis are completely determined by the intrinsic axes
ratios (equations 12 and 13 in Binney 1985)
ε(θ, φ; ξ, ζ) = 1−
√
A+ C −√(A− C)2 +B2
A+ C +
√
(A− C)2 +B2 , (2)
Γminor(θ, φ; ξ, ζ) =
1
2
arctan
(
B
A− C
)
, (3)
with
A ≡ cos
2 θ
ξ2
(
sin2 φ+
cos2 φ
ζ2
)
+
sin2 θ
ζ2
, (4)
B ≡ cos θ sin 2φ
(
1− 1
ζ2
)
1
ξ2
, (5)
C ≡
(
sin2 φ
ζ2
+ cos2 φ
)
1
ξ2
. (6)
In a triaxial galaxy, the angular momentum vector is
not required to be aligned with the principal axes, but
can lie anywhere in the x− z plane (Statler 1987). Fol-
lowing Franx et al. (1991), we define 0◦ ≤ ψint ≤ 90◦ as
the angle between the z-axis and the angular momentum
vector. The position angle of the apparent angular mo-
mentum Γkin with respect to the projected z−axis only
depends on the viewing angle and the intrinsic misalign-
ment (equation 6 in Franx et al. 1991)
tan Γkin =
sinφ sinψint
− cosφ cos θ sinψint + sin θ cosψint . (7)
The kinematic misalignment angle Ψ between the pro-
jected minor axis and the projected angular momentum
is given by
sin Ψ = | sin(Γkin − Γminor)|, 0◦ ≤ Ψ ≤ 90◦, (8)
where Ψ corresponds to our observed quantity |ψmis|
from Graham et al. (2018).
2.3. Monte Carlo simulations
From Section 2.2, we know the apparent kinematic
misalignment angle Ψ and apparent ellipticity ε are
determined by the intrinsic axis ratios (ζ, ξ), intrin-
sic misalignment angle of the angular momentum ψint
and viewing angle (θ, φ), i.e. Ψ = Ψ(ζ, ξ, ψint, θ, φ),
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ε = ε(ζ, ξ, θ, φ). If we assume the viewing angle is ran-
dom (i.e. flat distributions in [−1, 1] for cos θ and [0, 2pi]
for φ), and the distribution of the axis ratios and in-
trinsic misalignment of the galaxies in our sample can
be described by some distribution functions, e.g. p(ζ),
p(ξ) = p(ξ/ζ|ζ)p(ζ) = p(η|ζ)p(ζ) and p(ψint), we can
calculate the model probability distribution of Ψ and ε
p(Ψ, ε) = p[Ψ, ε|p(ζ), p(η), p(ψint)] (9)
The reason for using p(η) instead of p(ξ) is because η is
between 0 and 1 and is independent of ζ, which makes
it easier and faster to implement numerically, while ξ
has to be smaller than ζ. We also confirmed by visual
examination that the distribution p(ξ) derived from p(ζ)
and p(η) in our model is physically reasonable and can
cover various shapes of distributions.
We use two different models to parameterize p(ζ), p(η)
and p(ψint). The first one is a single-population model,
in which we assume p(ζ), p(η) and p(ψint) are indepen-
dent and can be described by single truncated Gaussian
functions
p(ζ|µζ , σζ) ∝ 1√
2piσ2ζ
exp
(
(ζ − µζ)2
σ2ζ
)
, 0 ≤ ζ ≤ 1
(10)
p(η|µη, ση) ∝ 1√
2piσ2η
exp
(
(η − µη)2
σ2η
)
, 0 ≤ η ≤ 1
(11)
p(ψint|µψint , σψint) ∝
1√
2piσ2ψint
exp
(
(ψint − µψint)2
σ2ψint
)
, 0 ≤ ψint ≤ pi
2
(12)
The probability outside the boundary is truncated and
set to 0. There are 6 free parameters for a single-
population model, they are µζ , σζ , µη, ση, µψint and
σψint .
The second model is a two-population model, in which
we assume p(ζ), p(η) and p(ψint) are independent and
can be described by two truncated Gaussian functions,
with each Gaussian representing a galaxy population
(e.g. oblate, triaxial or prolate)
p(ζ|µζ1 , σζ1 , µζ2 , σζ2) =
f1p(ζ|µζ1 , σζ1) + (1− f1)p(ζ|µζ2 , σζ2),
(13)
p(η|µη1 , ση1 , µη2 , ση2) =
f1p(η|µη1 , ση1) + (1− f1)p(η|µη2 , ση2),
(14)
p(ψint|µψint1 , σψint1 , µψint2 , σψint2 ) =
f1p(ψint|µψint1 , σψint1 ) + (1− f1)p(ψint|µψint2 , σψint2 ).
(15)
where f1 represents the fraction of the galaxies in the
first galaxy population. The functional form and trunca-
tion boundary for each population are exactly the same
as in equations 10, 11 and 12. There are 13 free param-
eters in this model, they are µζ1 , σζ1 , µη1 , ση1 , µψint1 ,
σψint1 , µζ2 , σζ2 , µη2 , ση2 , µψint2 , σψint2 and f1.
In the models above, we assume the intrinsic misalign-
ment is independent of the intrinsic shape. However, a
one-to-one relation is assumed in previous studies (Wei-
jmans et al. 2014; Foster et al. 2017)
tanψint =
√
T
1− T , (16)
where T = a
2−b2
a2−c2 is the triaxial parameter (i.e. the
intrinsic shape). We also adapt this one-to-one relation
in our single- and two-population models in our Monte
Carlo simulations. In summary, the models we use are
1. a single-population model with independent in-
trinsic misalignment, 6 free parameters;
2. a two-population model with independent intrinsic
misalignment, 13 free parameters;
3. a single-population model with intrinsic misalign-
ment following the model of Weijmans et al.
(2014), 4 free parameters;
4. a two-population model with intrinsic misalign-
ment following the model of Weijmans et al.
(2014), 9 free parameters.
For all the models, we estimate p(Ψ, ε) in equation 9
numerically. With a given set of model parameters ~p,
we first sample n points of cos θ, φ from a flat distribu-
tion, and ζ, η and ψint from p(ζ|~p), p(η|~p) and p(ψint|~p),
respectively (for the Weijman+14 models, ψint is cal-
culated directly using equation 16). We then calculate
the model predicted ε and Ψ for every point using equa-
tion 2 and 8 respectively, and bin all the points on a 2-
dimensional histogram (25 by 25). Finally, we normalise
the histogram, and use bilinear interpolation to calculate
the probability for a given (Ψ, ε). We set n = 9, 000, 000
in our calculation, which is enough to produce a smooth
probability distribution.
We perform the inversion, i.e. infer p(ζ), p(ξ) and
p(ψint) from the observed distribution, by maximizing
the likelihood of the observed distribution, defined as
lnL =
∑
i
ln p(|ψimis|, εi) (17)
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where ψimis and εi are the apparent kinematic misalign-
ment angle and ellipticity for the i-th observed galaxy.
p(Ψ, ε) is defined in equation 9 and estimated numer-
ically using the method described above. The sum is
over all the galaxies in the sample (i.e. slow rotators
or non-regular rotators described in Section 2.1). We
use a python implementation of the MCMC algorithm
(emcee, Foreman-Mackey et al. 2013) to obtain the pa-
rameters which maximize the likelihood as well as the
probability distribution of the model parameters. We
use 200 walkers and run for 3000 and 12000 steps for the
single-population model and two-population model, re-
spectively. In addition to emcee, we also tried another
MCMC package AdaMet (Cappellari et al. 2013b).
Those two packages give similar results. The param-
eters are sampled within their mathematical limits. For
the single-population model, they are: [0, 1] for µζ and
µη; [0, 1] for σζ and ση; [0, pi/2] for µψint ; [0,
3
2pi] for σψint .
For the two-population model, the boundaries are [0, 1]
for µζ1 , µη1 , µζ2 and µη2 ; [0, 1] for σζ1 , ση1 , σζ2 and
ση2 ; [0, pi/2] for µψint1 and µψint2 ; [0, pi/2] for σψint1 and
σψint2 ; [0, 1] for f1.
3. RESULTS
In this section, we show the fitting results of the ob-
served distribution for all the models. To test the ro-
bustness of our results, we fit both the slow rotator
samples selected with different techniques in Section 2.1.
The fitting is performed using the methods described in
Section 2.3.
The model which maximizes the likelihood and the
probability distribution function (PDF) from MCMC for
the single-population model with independent intrinsic
misalignment is shown in Fig. 2. From the probabil-
ity distribution (blue histograms) in the left panels, the
model can produce 3 peaks (around ∆PA = 0◦,±90◦),
which qualitatively agree with the observed data. How-
ever, the model fits the detailed structures less well, e.g.
the dip between ∼ 20◦ and ∼ 40◦, especially for non-
regular rotators. Furthermore, in the right panels, one
can see that the model predicted axis ratios from differ-
ent samples do not agree with each other: galaxies in the
slow rotator sample prefer a triaxial-oblate shape with
a flat intrinsic misalignment distribution while galaxies
in the non-regular sample prefer a triaxial-prolate shape
with flat intrinsic misalignment.
Similar diagrams for the two-population model with
independent intrinsic misalignment are shown in Fig. 3.
As can be seen from the probability distribution (blue
histogram) in the left panels, the model can not only
give 3 peaks, but also match the amplitude of the peaks
and other detailed structures relatively well. We also
calculate the p-value from the KS statistic for the 1D
distribution of ∆PA. We find that the p-value in-
creases from ∼ 0.8 to ∼ 1 after we change to the two-
population model. From the probability distribution of
the axis ratio distributions (blue histogram and con-
tours) in the right panels, the galaxy sample is dom-
inated by a triaxial-oblate population, while there are
also some minor galaxy populations located in other re-
gions. But due to large model degeneracy, it is difficult
to constrain their axis ratios well. We note that in prac-
tice it is difficult for the MCMC chain to converge under
such large model degeneracy, unless it is run with ex-
tremely long steps. In general, the probability distribu-
tions of intrinsic axis ratios are similar for slow rotators
and non-regular rotators, despite the different selection
criteria.
In Fig. 4, we show the results of single- and two-
population models with Weijmans+14 intrinsic mis-
alignment for the slow rotator sample. Unlike the
independent intrinsic misalignment model in Fig. 2,
the single-population model with Weijmans+14 intrin-
sic misalignment fails to reproduce the observed peaks.
In order to explain the observations, the model requires
∼ 70% of the galaxies in the sample have triaxial-oblate
shape while the other ∼ 30% have triaxial-prolate shape.
Although model dependent, this gives us a hint that
there might be a minor population in the slow rotators
which has triaxial-prolate shape. The best-fit model pa-
rameters and their uncertainties from MCMC are listed
in Table 1.
In order to test whether our results are affected by
outliers (e.g. galaxies with no rotation or poor data
qualities), we rerun our model including an outlier com-
ponent with constant likelihood. The results are still the
same and the outlier fraction (free parameter in the fit-
ting) is less than 5% for all the models and samples. We
also try a different axis ratio parametrization described
in Lambas et al. (1992). The conclusions remain un-
changed.
4. CONCLUSIONS
We study the distribution of apparent ellipticity and
kinematic misalignment for slow rotators measured
in Graham et al. (2018), based on a SDSS-IV DR14
MaNGA sample. The distribution shows clear structure
in the misalignment angle distribution: there are two
peaks at both 0◦ and 90◦ misalignment (characteristic
of oblate and prolate rotation respectively). By assum-
ing Gaussian shapes of the axis ratios and the intrinsic
misalignment distribution, we invert the observed dis-
tribution to obtain the intrinsic one using Monte Carlo
simulations.
We find that our models with different assumptions
clearly requires a dominant triaxial-oblate population,
beyond the known fact that slow rotators are weakly
traxial. If we assume the intrinsic shape and the in-
trinsic misalignment are independent, the constraints
on the intrinsic axis ratios are less strong. The ob-
served distribution can be explained by a dominant
triaxial-oblate population (with some minor populations
of different shapes). However, if a one-to-one intrinsic
shape-misalignment relation is assumed, the model re-
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Figure 2. Single-population models with independent intrinsic misalignment for massive slow rotators classified using two
alternative techniques, namely either (i) from the (λRe , ε) diagram (top) or (ii) visually classified from their kinematic maps
(bottom). In each left panel, the blue dots show the observed distribution, and the colour map shows the model distribution
which maximizes the likelihood. The red histograms show the observed distribution. The blue lines show the probability
distribution, which are randomly selected from the MCMC chain and colour coded by their likelihood. The bluer the colour,
the larger the likelihood. We use the same method described in Fig. 1 to shift and symmetrize the distribution for visualisation
purposes only. We note that we still use the original distribution in the model fitting process. The predicted axis ratio and
intrinsic misalignment are shown by the blue lines in the right panels. In the b/a vs. c/a panel (lower right), every blue line
shows the 1σ (68%) contour of the 2D axis ratio distribution of that model. The red thin-dashed lines, from left to right, show
the line of constant triaxial parameter T = a
2−b2
a2−c2 : 0.1, 0.3, 0.5, 0.7 and 0.9. The red thick-dashed line shows the position where
the axis ratio b/a = c/a.
quires two distinct galaxy populations (i.e. a dominant
triaxial-oblate population and a minor triaxial-prolate
population) in order to explain the observations, sug-
gesting a hint for a minor triaxial-prolate population.
The uncertainties in our study mainly come from the
observational uncertainties of the misalignment angle
and the ellipticity plus the intrinsic degeneracies in the
inversion problem. In the study, we measure the elliptic-
ity, photometric and kinematic position angles around
the effective radius, and these values could vary with
radius and cause uncertainties in the analysis. In addi-
tion, galaxies with round shape and very slow rotation
have large uncertainties in the misalignment angle mea-
surement. These uncertainties are difficult to estimate
robustly and incorporate in the model. Better observa-
tions and larger samples may help to reduce these uncer-
tainties as well as the Poisson noise shown in Fig. 1. The
model degeneracies are intrinsic and difficult to remove.
Our simulations show that the fitting results depend on
the intrinsic misalignment model. This suggests a better
understanding of the intrinsic shape-misalignment rela-
tionship can be useful in the inversion. A study in nu-
merical simulation may be helpful. The MaNGA sample
we used is not volume limited, but has a flat stellar mass
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Figure 3. Two-population model with independent intrinsic misalignment for slow rotators (top) and non-regular rotators
(bottom). The other labels and legends are the same as Fig. 2.
Table 1. Best-fit (maximum likelihood) parameters for the models shown in Figs. 2, 3 and 4. The uncertainties are calculated as
the differences between the 16th and 50th, 50th and 84th percentiles (1σ) of the 1D distribution of each parameter, respectively.
We note that the best-fit parameters can deviate from the 50th percentile (i.e. the median), since the posterior distributions
are irregular. SR and NR represent slow rotators and non-regular rotators. SINGLE-INDEPENDENT represents the single-
population model with independent intrinsic misalignment. TWO1−INDEPENDENT and TWO2−INDEPENDENT represent
the two populations in the two-population model with independent intrinsic misalignment. SINGLE-W14, TWO −W141 and
TWO−W142 represent the single-population model and the two components of the two-population model with the Weijmans
et al. (2014) intrinsic misalignment. µψint and σψint are in radians.
model µζ σζ µη ση µψint σψint f1
SR SINGLE− INDEPENDENT 0.99+0.01−0.02 0.03+0.03−0.01 0.74+0.02−0.01 0.08+0.01−0.01 0.14+0.58−0.40 4.66+1.13−1.26 -
NR SINGLE− INDEPENDENT 0.83+0.04−0.06 0.13+0.03−0.03 0.99+0.03−0.04 0.04+0.04−0.03 0.07+0.57−0.44 0.87+1.28−1.35 -
SR TWO1 − INDEPENDENT 0.99+0.05−0.24 0.04+0.49−0.06 0.78+0.12−0.07 0.10+0.52−0.03 0.35+0.63−0.32 0.24+0.32−0.64 0.55+0.45−0.42
SR TWO2 − INDEPENDENT 0.86+0.06−0.20 0.08+0.45−0.06 0.82+0.14−0.06 0.04+0.49−0.03 1.55+0.74−0.39 0.92+0.35−0.57 -
NR TWO1 − INDEPENDENT 0.99+0.08−0.21 0.04+0.49−0.06 0.88+0.06−0.25 0.13+0.50−0.07 0.48+0.59−0.41 0.10+0.39−0.52 0.58+0.63−0.13
NR TWO2 − INDEPENDENT 0.78+0.07−0.19 0.09+0.40−0.05 0.91+0.05−0.21 0.05+0.51−0.06 1.22+0.60−0.38 1.09+0.37−0.45 -
SR SINGLE−W14 0.99+0.01−0.01 0.13+0.01−0.01 0.82+0.03−0.02 0.12+0.03−0.02 - - -
SR TWO−W141 0.99+0.05−0.19 0.05+0.27−0.06 0.75+0.15−0.10 0.08+0.03−0.02 - - 0.70+0.44−0.47
SR TWO−W142 0.78+0.02−0.18 0.08+0.09−0.07 0.96+0.15−0.08 0.05+0.09−0.04 - - -
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Figure 4. Single-population (top) and two-population (bottom) models with the Weijmans+14 intrinsic misalignment for slow
rotators. The other labels and legends are the same as Fig. 2.
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distribution (Bundy et al. 2015). Since the galaxies we
selected have a narrow mass range (between 2×1011M
and ∼ 1012M), this would only have a minor effect on
the conclusions.
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